SUMMARY Human peripheral blood mononuclear cells in adherent cultures have been shown to synthesise and secrete collagenase.2 In the present study we have examined the modulation of collagenase production in these cultures by several antirheumatic agents. Incubation of monocytes in serum free medium with sodium aurothiomalate in concentrations varying from 7-7xiO-7 to 7-7x O-3 molUl resulted in marked dose dependent inhibition of the collagenase production. This inhibition was apparently selective in that total protein synthesis or the viability of the cells were not affected. Similar inhibition of the collagenase production was also noted with auranofin, aurothioglucose, and chloroauric acid. The inhibition with auranofin was achieved with a concentration as low as 7-4x 10-8 mol/l. To examine the mechanisms of the inhibition of the collagenase activity induced by sodium aurothiomalate the production of prostaglandin E2 was also measured in the same cell cultures. Sodium aurothiomalate in concentrations > 7*7x 1-4 mol/I significantly inhibited the prostaglandin E2 production; the prostaglandin E2 production was not inhibited, however, in 7*7xl10 mol/l concentration, while the collagenase production was reduced by 51l0%. Also, exogenous prostaglandin E2 added to the cultures only slightly reversed the inhibition of the collagenase production by sodium aurothiomalate. Thus the inhibition of collagenase production by sodium aurothiomalate in human adherent mononuclear cell cultures appears to be independent of the inhibition of prostaglandin E2 production. The inhibition of collagenase produced by monocyte-macrophages, as shown here in vitro, may contribute to the clinical efficacy of the compounds tested in the treatment of rheumatoid arthritis.
bone and cartilage.5 6 degradation of collagen is conceivably mediated by the multiple collagenases produced by the (HBSS) , and suspended in serum free Dulbecco's modified Eagle's medium (DMEM; Gibco, Grand Island, NY) supplemented with 2 mM L-glutamine, 100 U/ml penicillin, 100 ,ug/ml streptomycin, and 0-2% lactalbumin hydrolysate (DMEM-LH; Sigma Chemicals, St Louis, MO). To establish the monocyte cultures 1-2x 106 cells in 500 iil of DMEM-LH were plated in 24-well tissue culture plates (Corning, NY). The mononuclear cells were allowed to adhere for 120 min under 5% C02/95% air at 37°C. The medium containing the non-adhered cells was then removed, the adherent cells were washed with 500 RI of HBSS, and 500 il of fresh, serum free DMEM-LH was added to the cultures. To enhance the production of collagenase the culture medium was supplemented with 20 [tg/ml concanavalin A (con A; Difco, Detroit, MI); the test compounds (see below) were added at the same time. The 
Results

INHIBITION OF COLLAGENASE PRODUCTION BY SODIUM AUROTHIOMALATE
The effects of antirheumatic agents on collagenase production were studied in adherent mononuclear cell cultures. We have shown that these cells synthesise and secrete collagenase in an active form, and the collagenase assays were performed in the presence of 10 mM NEM, thus allowing the determination of total enzyme activity.2 In the first set of experiments sodium aurothiomalate was tested for its effect on collagenase production in adherent mononuclear cell cultures. Addition of sodium aurothiomalate in concentrations varying from 0-77 p.mol/l to 7-7 mmol/l caused a significant reduction in collagenase production (Table 1 and Fig. la ). This inhibition was not due to the salt form of the preparation, since sodium thiomalate in corresponding concentrations had no effect on the collagenase activity (Table 1) .
To examine the possibility that sodium aurothiomalate might reduce the collagenase activity detectable in the cell culture media by directly inhibiting the collagenase assay, further in vitro experiments were performed. In these studies culture medium from the control cells was assayed for collagenase activity in the presence of sodium aurothiomalate in the same final concentrations as those present in the assays shown in Fig. 1 . The addition of the gold compounds directly into the assay mixture had little, if any, effect on the collagenase activity (Fig. la) .
In further experiments the activity of collagenase associated with the cell layer either in control cultures or in cultures incubated with 7-7 mM sodium aurothiomalate was assayed. As indicated previously,2 very little intracellular enzyme activity was detectable in control monocyte cultures. In fact after 72 hours incubation the amount of enzyme activity detectable in the cell layer of control cells was less than 1% of that found in the medium.
Similarly, essentially no activity was present in sodium aurothiomalate treated cells. This observation excludes the possibility that sodium aurothiomalate interferes with the secretion of collagenase and suggests that the inhibition takes place on the level of enzyme production. Additional experiments indicated that mixing of a 30 RI aliquot of control medium containing 29-6x 10-2 U of collagenase activity and 30 pl of cell extract with no detectable enzyme activity allowed the detection of 32-1x 10-2 U of enzyme activity. The latter result excludes the possibility that the cell extract contains an inhibitor for collagenase activity. Thus the reduction in collagenase activity present in the media of cultures treated with sodium aurothiomalate appears to result from reduced synthesis of the enzyme protein, rather than reflecting inhibition of the secretory process. The demonstration that sodium aurothiomalate minimally inhibited the con A stimulated release of PMN collagenase into the extracellular milieu also supported the latter suggestion. mol/l significantly inhibited the collagenase production (Fig. lb) . Again, addition of auranofin directly into the assay system in concentration present during the enzyme measurements from media containing 7 4x 10-6 mol/l auranofin had little, if any. effect on the activity of control enzyme (Fig. lb) . The viability of cells incubated with auranofin in concentrations up to 7 4x 10-6 mol/l was unaffected.
The viability of cells incubated with 74x 10-5 or 7-4x 10-4 mol/l auranofin, however, was slightly reduced when tested by trypan blue exclusion (84-2 and 71-1%, respectively, v 92-8% of cells viable in control cultures). Nevertheless, the incorporation of radioactive leucine, as an index of total protein synthesis, was not reduced in the presence of 7-4x 10-7 mol/l of auranofin, as compared with controls (not shown).
Two additional gold containing compounds, aurothioglucose and chloroauric acid, also proved inhibitory for collagenase production (Table 1) .
D-PENICILLAMINE AND METHYLPREDNISOLONE DO NOT AFFECT COLLAGENASE PRODUCTION
In further experiments two additional agents which are in clinical use were tested for their effects on collagenase production. D-Penicillamine in 25 and 100 gg/ml had no effect on collagenase production in mononuclear cell cultures. Similarly, incubation of the cells for 48 hours with methylprednisolone in concentrations varying from 10-9 to 10-7 mol/l had no effect on the enzyme activity (results not shown).
INHIBITION OF PROSTAGLANDIN E2 PRODUCTION BY SODIUM AUROTHIOMALATE
Previous studies have suggested that the modulation of collagenase production by a variety of cells might involve the prostaglandin pathway.' 146 In order to examine the relation between the reduced collagenase production and the prostaglandin pathway the production of prostaglandin E2 (PGE2) in the mononuclear cell cultures incubated with sodium aurothiomalate was also assayed. The results indicated that sodium aurothiomalate in 7-7x 10-4 mol/l concentration reduced the production of PGE2 by 60-4% (Fig. 3) ; the collagenase production in the same cultures was reduced by 66-4% (Fig. la) . In cultures incubated with 7*7xlO-mol/l sodium aurothiomalate, however, the PGE2 production was unaffected (Fig. 3 ), yet the collagenase production was reduced by 51-0% (Fig. la) .
In further experiments an attempt was made to reverse the sodium aurothiomalate induced inhibition of the collagenase production by addition of exogenous PGE2. The initial results indicated that the addition of PGE2 alone in 10-9 or 10-7 mol/l concentration had little, if any, effect on the collagenase activity in mononuclear cell cultures (Fig. 4a) . The results further indicated that the inhibition noted in the presence of 7-7xl-5 mol/l sodium aurothiomalate could be only partially reversed by the addition of exogenous PGE2 (Fig. 4b) .
In parallel experiments the production of PGE2 was inhibited by incubation of cells with indomethacin. As expected, indomethacin in iO-5 and 10-4 mol/l concentrations completely inhibited the production of PGE2 (not shown). In the same cultures the production of collagenase was reduced by 18*1% and 53-2%, respectively (Fig. 1c) . 
Discussion
In this study we have shown that several gold containing compounds readily inhibit the production of collagenase by adherent mononuclear cells in culture. These cells were activated by incubation with con A, and they actively synthesised and secreted collagenase. Two The mechanism of the inhibition of collagenase production in mononuclear cell cultures appears to involve inhibition of the enzyme protein synthesis. In support of this conclusion were several observations: Firstly, little, if any, intracellular enzyme could be detected in the cultures in which the collagenase production was inhibited, indicating that the inhibition was not due to a block in the secretion of the newly synthesised collagenase. Secondly, the compounds had no direct effect on the collagenase activity when added directly in vitro into the assay used for the enzyme determinations. Thirdly, the compounds had no effect on inhibition could also be overcome by the addition of exogenous PGE2. These observations thus suggest an association between the collagenase production and prostaglandin pathway but do not prove a dependent relationship. In the present study sodium aurothiomalate markedly inhibited the production of PGE2. Sodium aurothiomalate in a concentration of 7-7x 10-5 mol/l, however, had no effect on PGE2 production, while the collagenase production in the same cells was markedly reduced. At the same time, addition of exogenous PGE2 failed to increase the collagenase production in mononuclear cell cultures or had only a small reversing effect on the sodium aurothiomalate induced inhibition of the collagenase production. It 
